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INTRODUCTION 
Attached is the latest descriptive and interface infomation 
available for the Surveyor instrumentation to measure physical 
parameters on and beneath the lunar surface. 
zation and rearrangement of the information contained in the docu- 
ment prepared on January 17, 1961. 
This is a moderni- 
Owing to the present uncertainties as to the grouping or 
arrangement of the surface instrumentation, no overall description 
of the placement and/or operation of the surface facilities is 
included. 
detailed information given as to its possible inclusion on sub- 
assemblies to be extended from the main spacecraft. 
Each instrument is trestez as a separate unit with no . 
Exact placement of the various surface instruments should . 
be fixed (arbitrarily if necessary) by agreement among Jet 
Propulsion Laboratory, Hughes Aircraft Company, and Texaco Inc. a8 
soon as possible. 
prepared and fabricated for laboratory breadboaGd models of the 
surface units within the allotted time. . 
' - 
This is necessary if f i - im designs are to be 
I 
2 
- . 
CONTENTS 
0 e 
0 0 '  
SURFACE 
Temperature 
Thermal Diffusivitp 
Magnetic Susceptibility 
Resistivity 
Density 
Hardness 
Acoustic Velocity 
' Magnetic Susceptibility (Alternate Method) 
SUBSURFACE 
Temperature 
Thermal Diffuaivity 
Magnetic Susceptibility 
Caliper 
Resistivity 
Density 
Acoustic Velocity 
Instrumentation Subsystem for Operating 
Beneath Lunar Surf ace 
Figure 1- 
PAGE -
1 
4 '  
7 
10 
13 
15 
18 
21 
26 
29 
31 
34 
36 
38 
41 . 
45 
i : 794.27-0 
8 TEMPERATURE Surface 
Location: On S/C or surface package, 
a, Description of Method: A total radiation pyrometer (or pyro- 
meters) will be used to measure the temperature of the lunar 
surface, The difficulties encountered in using thermo- . 
couples, thermistors, and resistance thermometers to obtain 
surface temperatures directly have made th ie  necessary. 
The pyrometer may be mounted either directly on the 
spacecraft or on a subsystem extended from It, 
b. Dimensions of Sub-Assembly: 1 in ,  diameter, 3 in, long . 
(radiometer and preamplifier) 
C .  Weiaht of Radiometer and Preamplifier: 6 02. 
I 
d. Special Environmental Requirements: Coatings to lfmft upper. 
temperature level may be required, ~ 
e, Required efpntation: Radiometer should view unshaded por- 
I 
tion of 1' 
Required Knowledge of Orientation: 
of surface with TV view of surface surveyed, 
surface at leaat 2 ft, from radiometr-t, 
f. Viewing unshaded portion 
_- 
g. Required Manipulation: None. 
8 
h. Sample Preparation ReqQirementa: None. 
0 '  1:794 . 27-1 
i. Time per OperatinR Cycle: Continuous sen8or operation with 
I .  
. sampling aa specified below, 
9 .  lkmber of Operating Periods: 
month with continuous sampling during dap/night and night/day 
transitions (3 hra, centered around eunrise and sunset) 
k, Op erating Powert Power to operate thermistor sensing device. 
Sample once per hour for one 
and temperature sensors associated with radiometer. 
(15) MA at 15 volts per detector - 225 millivdte, 
temperature detectors required per radiometer. 
Fifteen 
Wai-ts 
-0 (2) 
1. Data Output: 
(a) Thermocouple outputs - 0.3 to 0.8 millivolta per degree, 
K. 150 millivolte i s  total range and there is no bias. 
Recovery of data on earth to 0.3 millivolts is required 
8 
(4 outputs). Measurement range: 120 to 400.K. . \  
(b) Radiation pyrometer outputs - 20 millivolts per degree 
K after preamplification. Dynamic ranges 2 - 8 voltr 
DC. Two (2) outputs required, 
m. Real Time Data Requirements: None, 
n, Other Requirements: Temperature reference to tie all thermo; 
couple reference junctions. 
reference to be known to *0.S0K, 
t h i a  reterence -dthin the Si%, 
Absolute temperature of 
S/C contractor to provide' 
. .  
.- - . . 1:794.27-2 
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-* NOTE* In many instances where a thermocouple ha6 been specified as. 
a means of monitoring an instrument temperature, a thermistor 
may be employed, Thermocouples need only.be employed in those 
situations where the heating effect of the measuring. current 
required for a thermistor fa itself sufficient to disturb the 
temperature, 
1 : 794 27 -3 
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~ U W l A L  DIFFUSIVIW- 
Surf ace 
Location: On surface of moon off leg of S/C or other convenient . 
. .  
a. 
* b, 
C. 
appendage. I 
Description of Method: At eurface, the thermal diffusivitp 
is t o  be deduced from the change in temperature experienced 
within a region of known geometry ae a'result of abruptly 
altarhg the quantity of heat energy entering the surface 
by radiation, 
~ource (fee., a lamp) or by use of a shield of known surfaca 
emissivity abruptly interrupting incoming solar radiation, 
The temperature at center of the area of altered radiation 
must be followed as a function of time for about an hour; 
This alteration can result frm'an infrared 
and this temperature history can then be used t o  estimate 
thermal diffUSiVitp, 
Dhens ions of Sub -As semb 1 ~ :  
(a)' Shield 12 in. diemeter, held within 2 in, of lunar sur- . 
. .  face, 
-'(b) Light source held 2 ft, above eurface, 40' angle of 
illumination, 
Weight: 
(a) 
(b) 
Shield plus radiometer * 12 02. 
Light source and radiometer - 12 02. 
7 
e 
0 
-5-  
d. Special Environmental Requirements: None. 
e. Requ'ired Orientation: 
(a) 
(b) 
Shield - on unshaded portion of lunar surface. 
Wght - radiometer should view central part of Lllumi- 
nated area of.lunar surface. 
f. Required Knowledge of Orientation: TV'view'of surface to be 
involved in either shield or light source determinations. 
g. Required Manipulation: 
(a) Shield - should be rapidly  (less than 2 sec.) positioned 
or unfolded on an unshaded area of the lunar surface. 
(b) .Light source - none. 
. .  h.  Sample Preparation Requirements: None. 
i. Time per Operating Cycle: 
'(a) S h i e l d  - 1 hr. 
(b) Light source - 3 to 4 hrs. 
hrs. 
turning light on and 1 hr.  after turning light off. 
Light source on for 1 to 2 
Continuous seneor operation for 1 hr. prior to 
9 .  Number of Operating Periods: 
(a) 
(b) Light  source - 1 to 3, depending upon power 'available ' .  
Shield - to be determined, 
at night.. . .  
3. :. r 
. 1:794.27-5 
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n. 
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=rating -- Powec: 
(a) S h i e l d  - rower to  plnce  or unfold shield arid operate 
radimetct. and temperature sensor on (or  ln) ahield. 
(b) Li!;ht mtrrce - 10 t o  80 watt8 for 1 t o  2 hrs. to 
'operate light plus potter td aperete radiometer. 
. 
Datu Output: See "PLQATURE, Surface, In addition to 
radiometer outputs, shield temperature iust  bo known. 
ileal Time Data Requirements: NOner . L  - 
.._ 
. .  
. .  
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MAGNETIC SUSCEPTIBILITY 
Surface 
Location: Sub-assembly. 
a .
b. 
C .  
d .  
Description of Method: 
ing the in-situ magnetic susceptibility, which is simply 
related to the permeability, appears to be one which makes 
use of the principle that the mutual inductance between two 
coils varies with the susceptibility of the surrounding media. 
It is proposed that a comparative measurement of the mutual 
inductance between the two coils with the coils away from 
the lunar surface and placed on the lunar surface be made. 
The change in the mutual inductance Is praportional to the 
magnetic susceptibility of the material near the lunar sur- 
face. 
tance is to use a Carey-Foster bridge arrangement with a 
third buckhg coil placed near the original two coils. 
The most feasible method for measur- 
. 
. 
One method of measuring the change in mutual induc- 
Dimensions of Subsystem: 12 in. in diameter by 6 In. high 
(see drawing of sub-assembly). 
Weight: 3 lbs. 
Special Environmental Rtquirements: 
the package to the surface must be of a non-magnetic nature; 
epoxy, e t c .  DC magnetic fieid to be iess than .25 gauss, PIC 
magnetic field to be less than -001 gauss. 
* 
The boom that lowers 
-- 
.1:794.27-7 
1s 
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e.  Required Orientation: - Sub-assembly must be located 90 t h a t  
i t  i s  5 f t .  from main spacecraft  or any 'large metalic body. 
The device should be located e i t h e r  i n  sunlight o r  shadow, 
i . ~ . ,  no par t ia l  shadows should e x i s t  while readings are 
'being made. 
f .  Required Knowledge of Orientation: None. 
g. Required Manipulation: For each magnetic suscep t ib i l i t y  
determination the sub-assembly must f irst  be raised a t  least 
3 ft. above the  lunar surface t o  obtain a zero reading. The 
sub-assembly is then lowered Ent i1  a designatsd face r e s t e  
upon the  lunar surface. 
is then taken immediately. 
The magnetic suscep t ib i l i t y  reading 
h. Sample Preparation Requirements: None. 
i. Time per Operating Cycle: T h e  t o  balance bridge and record .  
.' resis tance.  S/C contractor must specify t i m e  required t o  * 
., balance bridge. 
j. Number of OperatinP Periods per Lunar Day: 
with sub-assembly i n  vacuum, i .e. ,  ra i sed  a t  least 3 f t .  
from surface,  lower sub-assembly t o  surface as fas t  as 
possible  a f t e r  t h i s  reading and repeat. 
be repeated at l e a s t  5 times during lunar day and 5 times 
during lunar night, 
Take a reading 
This sequence should 
e 
1 : 794 27 -0 
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1. 
m. 
n. 
.IC. pp erating Power: 
1000 cycles/sec. *259,, but knok'well enough to be com- 
patible with data output. 
Power input - current through transmitter coils will be 
determined by the sensitivity of the instrument used 
to detect the null. 
Di~tortion of AC to bridge to be less than 0.5%. 
Input impedance to 12 in. coils and bridge 1500 ohm. 
DC resistance of transmitter coils 250 ohm. 
tance of 'receiver c o i l  50 ohm. 
DC resis- 
8, . . 
.. 
Datii Output: 
mutual inductance of 0.1 nicrohenry per lC" cgs unfts change. 
of susceptibility, 
-6 rnent range - 10 to 50,000 10 
on earth 125X.  
Real T h e  Data Output: None. 
For the bucking coil recommended, a change in 
Range 400 - 5500 microhenries, measure- 
cgs units. Required accuracy 
Other Requirements: ' 
.(a) Temperature of sub-assembly should be known to within 
*2%. 
Surface magnetic susceptibility coils must be open cfr-. 
cuited during resistivity measurement. 
SurfLce resistivity coil must be open circuited during 
surface magns tic susceptibility measurements. 
(b) . 
( c )  
~ 
L 1:794.27-9 
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IMGNGTIC SUSCEPTIBILITY . "  
(Alternate Method) Surface Unit . 
* .Location: O f f  leg of main spacecraft. 
a. Description of Method: The most feasible method for measur- 
ing the in-situ magnetic susceptibility, which is simply 
related to the permeability, appears to be one which makes 
u3e of the principle that the mutual inductance between two 
coils varies with the susceptibility of the surrounding media. 
It is proposed that a comparative measurement of the mutual 
inductance between the two coils with the c o i l s  away from 
.the lunar surface and placed on the.lunar surface be made. 
The change in the mutual inductance is proportional to the 
magnetic susceptibility of the material near the lunar sur- 
face. One method of measuring the change in mutual induc- 
t O- 
tance is to use a CareyoFoster bridge arrangement, 
b. Dimensions of Device: 3 in. in aiameter by 1/2 in. thick. 
d. Special Environmental Requirements: None.. 
e. Required Orientation: Device should be at least 8 in. from : 
any metal object when in either of its two positions. 
f. Required Knowledg'e of Orientation: None. 1. 1 : 794 . 27 -10 
I 
h.  
i. 
. .  
j. 
k. 
Required Manipulation:' Alignment and placement of device on 
the lunar surface with face of coils conforming t o  lunar 
surface as close as possible.  
device w i l l  be ra i sed  from the surface a t  least 8 in .  and 
recorded; immediately a f t e r  t h i s  recording i t  should be 
dropped t o  the  surface and a repeat reading performed. . 
Sample Preparation Requirements: None. 
Time per Operating Cycle: 
resistance.  
balance bridge. 
When a r ead ing , i s  desired the  
Time t o  balance bridge and record 
S/C contractor must specify ti&' required t o  
Number of Operating Periods per Lunar Day: 
above a t  least  3 t h e a ' d u r i n g  lunar day and 5 times during . 
lunar night.  
Operatinrr Power: 
(a) 
A repeat of g. 
1000 cycles/sec. *25X,  but known w e l l  enough t o  be comi 
p a t i b l e  with data output. 
Power input - current through t ransmit ter  co i l s  w i l l  be 
determined by the instrument used t o  de tec t  the  nul l ,  . 
i .e . ,  power required from the  bridge 'output t o  detect  
the n u i l  will vary accordingly with the  sens i t i v i ty  of 
nu l l  f ind ing  mechanism. 
Distor t ion of AC t o  bridge t o  be less than 0.5%. 
Input impedance t o  t ransmit ter  co i l s  and bridge 400 Ohms. 
DC r e s i s t ance  of t ransmit ter  co i l s  40 ohms. 
tance of receiver coils 40 ohms. 
(b) 
(c) 
(d) 
DC resis- 
1 :794.27-11 i Y  
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Data Output: Range - 10 t o  50,000 x loo6 cgs. uni t s .  
Re21 Time Data Requirements: None. 
Other Requirements : 1 
Temperature of device must be known t o  within 22.C. . 
A su i t ab le  posit ion for mounting the opposing set of 
c o i l s  needed with the surface coils and a l s o  the sub- 
surface c o i l s  must be furnished by the  S/C contractor.  
This set of c o i l s  
the S/C, provided 
mutual inductance 
s t r a y  f i e l d s .  
. *  
--_ ~ 
e -  
*. , . 
^ .  
I . 
can be located on a leg, or within 
there w i l l  be no change i n  t h e i r  
due t o  moving metalic objects  or 
. .  
. .  . . 1 : 7 9 4 . 2 7 4 2  
3. 
Location: Lowered to surface 
RES ISTIVIIY 
Surf ace 
4. 
b. 
C .  
d. 
e. 
f. 
g* 
- -  
as sub-assembly. 
Description of Method 
from leg of S/C or other posftion such 
Resistivity to be measured by plat- 
ing a.coi.1 a known distance from the surface and measuring 
the Q ‘(figure of merit).’ 
Dimensions of Apparatus: 
by 1/4 in. thickness. 
with the surface magnetic susceptibility coi l s .  
Ideight of Coil and Coil Holder: 
Approximately 12 in. in diameter 
This coil is located on a sub-assembly 
6 02. 
_Special Environmental Requirements: None. 
- ReLuired Orientation:’ Device should be at least 5 ft. from 
S/C or any large metalic object when in either of its two 
positions. 
.Required Knowledge of Orientation: See Required Manipulation, 
Required Manipulation: 
assembly must be raised at least 3 ft. above the lunar sur- 
face to obtain a zero reading. 
lowered until a designated face rests upon the lunar Burface.. 
The Q reading l a  then repeated Immediately, 
For each Q measurement the sub- 
The sub-assembly Is then 
. . .  
* I  1 : 794 . 27-13 
4 
-14- 
h .  
i .  
' J .  
k. 
1, 
m. 
n. 
cc Sample Preparation Requirements: None, 
- Time per Operatinp, Cycle: 
to measure Q and inductance of coil. 
Time required by S/C fnstrumenta 
Number of Operating Periods per Lunar Day: Take a reading 
with sub-assembly in vacuum, i.c., raised at least 3 ft. 
from surface, lover sub-asiembly to surface as fast as 
possible after this reading and repeat. 
be repeated at least 5 times during lunur dc.y and 5 times 
durinb lunar night, 
This sequence should 
Operating Power: 
decides what instrument will be used to measure Q atid induc- 
tance'. 
Data Output: 
Real T h e  Data Requirements: None, 
To be determined when S/C manufacturer 
0 
t 
Measurement range 10'1 to l G t r 6  ohm cm. 
Other Requirements: 
(a) Temperature of sub-assembly should be known to within . 
(b) Surface magnetic susceptibility coils must be open 
(c) Surface resistivity c o i l  muat be open circuited during 
- 
.. -+Z0C. 
I 
circuited during resistivity mea3urmcnt. 
~ 
surface magnetic susceptibility measurements. 
1:790.27-14 
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DENSITY 
Surface 
Location: May be located on leg of spacecraft or other positions. 
a. Description of Method: 
gamma-gama logging technique. 
radiation transmitted by a known thickness of material from 
a source emitting radiation of known intensity and 
Density is to be measured using the 
The intensity of gamma 
I 
character is measured using a GM counter. The density is 
linearly related to the log of the transmitted intensity. 
Background levels are monitored by separate GM counter 
shielded from source. 
b. Dimensions of Apparatus: 27.5 cm. long by 8.1 cm, diameter, I 
C. 
d.  
e. 
Weight of Density Device and Monitor: 
2 02. for monitor. 
Special Environmental Requirements: Radiation environment I 
allowed at density and monitor geiger counters - maximum of 
40 02.  for density, 
500 gamma quanta per cm 2 per second and 15 electrons (energy 
2 > 1 MEV) per cm per second, 
Required Orientation: 
that a minimurn of direct gamma radiation is transmitted t o  
monitor located at least 4 ft, f r m  density measuring device, 
Source shield should be located such 
Pa 
Density device must be located such that no scatterers 
. 1:794.27-15 I 
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about the source will cause an error in density'measurcm~nts. 
.Density device is oriented such that with device in rested 
position, window faces lunar surface. 
f. Required Knowledge of Orientation: A TV view of surface 
emplacement area both before and after emplacement of sub- 
a s s embly . 
g. Retitiired Manipulation: .?he monitor must be exposed to the I 
surface of which the density is desired. 
must be lowered to the surface. 
The density device. 
h. Sample Preparation Requirements: None. 
i. Time per @peratha Cycle: Density 3 minutes, monitor 3 
minutes. * . .  . 
j. Nuniier of Operating Periods: 10 periods; all when ternpera- 
ture is within limits of counter reliability. 
*k. Op eratinp; Power: 
. (a) 10 microamps drain ( log  + monitor). . 
. . (b) 800 volts DC of regulated power, 
I 
Range - 800 2100 volts DC. 
Tolerance - 2% of operating voltage. I 
Ripple - tolerance depends on supply. A t  60 cydes, 10 
. volts ripple is acceptable. In the KC range ripple 
should be less than 0.1 vo l t .  
QI 
. .  
1. 
m. 
n. 
I -. . -71 q ;{;- f~Kl!bh 1\0. 6 I- 476 
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Output impedance of power supply to be under 1000 ohms. 
Power to release nechanism for placement of density 
measurine device to be determined by S/C manufacturer. 
Data Output: 
5G to 1000 cps,load impedance SCOK ohm, range is lOOK to 1 
megohm. 
Measuring range - 0.5 to 4 gm/cc. ’ - 
Real Time Data Sequlrementa: None. 
Other Requirements: 
2 volt negative pulse 50 microsecond duration - 
. .  
Source - 40 millicuries of cesium 137. 
Range + 20 millicuries to -10 millicuries. 
- .. 
, 1:794.27-17 
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0 
HARDNESS 
Surface Only 
Location: Penetrometers to be mounted either on S/C or on a 
* 
separate sub-assembly to be placed on lunar surface. . .  
a. Description of Method: 
face qs.to be investigated by recorded the acceleration- 
The hardness of the imnediate sur- . .  
1 . 
time-history of a dropped weibht. The weight will contain 
an accelerometer, will be allowed to drop a faw inches in 
essentially free fall, will have a cone shaped impact point, 
and will be held in approximately vertical alignment while 
falling. The acceleration-time-history (or‘ wave shape of . 
the acceleration upon impact with the surface) will be used 
t o  mpiriczlly analyze the hardness charticteristics of the 
surface. 
approximately 1/2 in. for soft materials such as loose sand, 
and a few thousands of an inch for very hard material. 
The depth of investigation will range between 
Three separate units are to be used to examine three 
different locations .a 
.. 
b. Dimensions of Hardness Unit: 5 in.’overall height by 1-1/4 
. in. diameter, but with 3 / 4  in. additional radius on one side 
and near the top for release mechanism. 
C. Weight: 3 0 2 .  each unit, total of 9 oz.  (these units could 
serve as legs for the sub-assembly), . 
< 
1 : 794.27 - 18 
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Specia l  Environmental Rcguirements: 
accelerometer such as Endevco, Model 2 2 4 2 ,  requiring 
amplifier input impedance > 100 megohm, is used. 
Required Orientation: 
respect to gravitational vertical, 
None, if high impedance 
Vertical alignment within 15. , with 
Required Knowledfie of .Orientation: 
picture of area of test. 
Preferable to have' TV 
Required Manipulation: Each unit to be placed against lunar 
surface on a designated face, particular location on surface 
not critical. Electrical release mechanism for each unit to 
be operated, one at a time (or in unison if recording system 
allows) . 
Sample 'Preparation Requirements: None. 
Time per. Operating Cycle: - 1 sec. for each of 3 drops. 
Number of %crating Periods Per Lunar Day: 
drops) 
1 (including 3 
Operating Power: 
for each unit) to operate release mechanism, 0.1 amp current. 
Data Output: 
accelerometer after release and upon impact on the lunar 
surface is to be reproduced and studied on earth and com- 
pared empirically on earth with those generated by a similar 
28 volts M: applied for 2 sec. (one time 
The wave shape of the s igna l  generated'in the ' 
1 : 7 94 27 - 19 
2 2  
0 
. .  
Q 
device on !mown materials. 
pulsa (during impact) would range between 14 milliseconds 
(in soft sand) and 0.1 millisecond in material with Moh 
hardness of 6 or 7. 
Total time 01 die acceleration 
. Peak amplitudes may.vary between 0.2 
volts and LO volts., These figures may vary considerably 
depending on accelerometer used, mass of weight, height of 
drop, and hardness and shape of cone tip. 
are projected for uoe with Endevco Accelerometer Modcl 
2242,  3 in. drop with lunar gravity, drop weight of 50 grams 
(on earth), and cone tip of hardened 4130 steel with 60. 
inc ludea angle . 
The above f i g u r e s  
The accelerometer can be used with several feet of 
cable, however, a high impedance amplifier must be used, in- 
put impedance > 103 meg., preferably 5CO rneg. 
impedance car. be partially accomplished by use of a resistance 
This htgh 
divider network, since relatively high signal voltages will 
be available. 
meters which will operate in. the environmental temperatures 
(Specially designed low-impedance accelero- 
may possibly be available; this has  not' been ascertained. 
&e Endevco Model 2215 is ideal except for environmental . 
temperature limitations. 
.- - Real T l m e  Data Requirements: 
acceptable if wave shape can later be reproduced accurately. 
None. Datg storage is 
. 
. 4  
n. Other Requirements: None. 
* .  
. 1:79$.27-20 
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ACOUSTIC VELOCITY 
Surf ace 
a. 
b. 
C. 
d.  
Location: Explosive source off one leg of S/C. First acoustic 
detector off another leg of S/C. Second acoustic 
detector placed on lunar surface 5 to 10 ft. away from 
S/C. 
Description of Method: 
the most feasible velocity 'to measure. 
ments of the arrival time (first arriva1)'of the waves 
generated by a pulsed acoustic source (DuPont X-311B Mild 
Electric Initiator) are made at two acoustic detectors or 
recetvers (Hall-Sears, Inc., Standard HS-J, 27 c p s  moving- 
The compressional wave velocity is 
Accurate measure- 
coil geophones), with the source and detectors placed in 
known orientations and positions. 
Dimensions: 
by 2-1/4 in. overall height. 
1 in. diameter, 1-1/4 in. height, but with base having 3 
points as feet, making overall height 1-5/8 in. and overall 
Source and associated shield - 4-1/2 in. diameter 
Geophone, 2 units, will have 
diameter 1-5/8 in. 
We€@: Source and shie ld-  12-oz. Detectors, 2 at 3 O Z .  
each, total - 6 O Z .  
Special Enviromlentol Requirements: 
sive sources to be used will function satisfactorily after 
Acoustic source; explo- 
1:794.27-21 
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0 e 
e. 
e o  
f .  
Q- 
a 
. -  . - - . - .  
storage a t  350'F fo r  2 hrs., 3GO.F f o r  6 hrs . ,  250.F for 
~24 hrs . ,  or 185.F for over 6 weeks. 
a t t en t ion  i n  thermal rad ia t ion  requirements on the source 
holder and sh ie ld .  
This w i l l  r equi re  special 
Required Orientation: Acou3tic source, f i r s t  de tec tor  and 
second detector  to  be placed i n  contact with lunar surface,  
a t  known locations,  and each with a designated face agains t  
surface. Let r1 = directed d is tance  from source t o  first 
detector  and ?2 = directed d is tance  from source t o  second1 
-+ 
. 
detector ;  then 5 1 2 172 10 1 , and 5 ft .  IF2 I I < 
10 f t .  preferable ,  however, t ha t  de tec tors  both be on a 
radius l i n e  frcm source. 
Required Knowledge of Orientation: 
_I--- 
(a) Orientation of source, first de tec to r ,  and second 
de tec tor  w i t h  l oca l  surface and relative to  local ver t i -  
ca l  t o  be known t o  within 15 degrees. 
(b) Separation Distances: 
. (1) Second detector and source, between 10 and 13 ft., 
. .  known t o  95%. 
(2) F i r s t  detector and source, between 5 and 10 ft., . 
8 _- - known t o  *5%. . .  
(c) TV view of cawface emplacement a rea  f o r  source, f irst  
detector ,  and second detector, both before and after 
emplacement, 
0 
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g. Required Manipulatioq: 
(a) Placement of second de tec tor  on surface with designated 
face i n  contact with surface. 
(b) Placement of f i r s t  detector  on surface with designated . .  
face i n  contact  with surface. 
mounted on one of the S/C legs, t h i s  placement might be 
accomplished by release of:spring mechanism designed to  
press  the  detector  aga ins t  the lunar surface and also 
t o  act  as an acoustic decoupling mechanism. 
Placement of acoustic source and sh ie ld  with designated 
If t h i s  u n i t  i s ' t o  be 
( c )  
face against  surface, .. 
h. Sample Preparation Requirements: None, 
i. Time per Operating Cycle: 1 sec. ( s t a r t i ng  a t  t h e  of deto- 
nat ion of acoust ic  source) . 
j. Number of Operating Periods per Lunar Day: 6. 
k. Op eratinR Power: Assurance of detonation of explosive source 
during lunar n ight  w i l l  r equi re  t h a t  a minimum of 20 amperes 
- o f  curren t  be applied,  and t h a t  t h i s  current  be avai lab le  for 
Resistance of the  explosive f i r i n g  a t  l e a e t  10 millisecond..  
element (without attached wires) w i l l  be 0.44 rt0.25 ohm. A 
" t i m e  break" signal w i l l  be supplied by breaking a wire at 
- 
t i m e  of detonation. Some slight current  (depending on cir- 
c u i t  used) will be required, 
acoust ic  detectors. 
No power is required for 
' 1:794.2743 
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1. Data Output: Time of travel frm source to'first detector ,  
0 
and from source to second detector is of primary concern. 
Due to the wide range of materials and conditions, it will 
be necessary to record the wave shape of signals from each 
of the two detectors, the relative times of the source 
"time break" snd the two signal WSVQS ehspes being of major 
importance. 
cern. 
quency response and ccnsitivitp, 
Amplitude measurements would be of less con- 
The two signal channels should have identical fre- 
Geophone signals may have peak amplitudes as l o w  as 
10 microvolt and a3 high as 1 millivolt (or higher, a m p l l -  
tudee higher than lmillivolt may necessarily have to be 
clipped or limited). Coil resistance of geophone approxl- 
mately 300 ohm. Amplifier input circuit should contain a 
300 olm resistor for geophone damping. Impedance matching 
and transformer can be used with step-up turns ratio, such 
as 1:SO or 1:100, capable of passing frequencies 30 cps to 
S KC. 
. 
Noise-equivalent on the input (at geophone) should be 
no more than 1 microvolt peak-to-peak. 
Geophone signals should be recorded for at least 0.1 
sec. immediately following time of application of firing 
current to each of the multi-shot explosives. Recording time 
'up to 1 sec. would be desirable, A "time break" pulse, 
I 
triggered by the break of a wire near the explosive, should 
I 
be added to  cach geophone signal channel, 
not "blank" the geophone channel for more than 50 microseconds 
This pulse should 
. .  9 1:794.27-26 i 
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n. 
(in real time). 
tive to the timing of the geophone signal) should be 
accurate to $5 microseconds. 
Detection of the "time break" pulse (rela- . . 
Measurement range - velocity of 300 to 20,000 ft/sec.; 
or travel times (to the first geophone if at 5 ft.) of 16.7 
milliseconds to 0.25 millisecond (33.3 to 0.5 millisecond 
for a geophone at 10 ft. from source). 
determinations to be made from data received on earth to be 
-+IO% in lower velocity range and *20% in upper range. 
. 
Accuracy of velocity 
Real Time Data Requirement: 
accurate time measurements are included. Time accuracy 
required for acoustic measurement is k5 microseconds on 
time of firing acoustic source, and 12.5 microsecond8 
Data storage is acceptable if  
uncertainty in the difference between arrival times at the 
two sensors. 
Other Requirements: 
(a) Acoustic decoupling (through spacecraft) of seccnd 
detector, first detector, and acoustic source. 
All equipment acoustically quiet during velocity measure- (b) .. 
ment. 
the acoustic velocity measurements (50 cycles to 5 KC) 
must be avoided. - 
Noise with frequencies within the band pass of 
- -  _- 
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TEMPERATURE: 
Subsurface 
Location: See general description of subsurface logging sonde. 
a. Description of Method: A total radiation pyrometer Will 
be used to measure temperature of the si,dewall of the 
. .  
' bored bole. The pyrometer will be the same as that used 
for surface measurements with the addition of a conical 
mirror to restrict the view of the radiometer to a 
portion of the sidewall. 
in using thermocouples, thermistors, and resistance 
thermometers to obtain downhole temperatures directly 
have made this necessary. 
The difficulties encountered 
. 
The unit is mounted near the bottom of the sonde. 
b. Dimensions of Sub-Assembly: 1" diameter and 3" long 
(radiometer and preamplifier) . 
C. m h t  of Radiometer and Preamplifier: 6 02. 
d. Special Environmental Requirements: None, however, 
- measurement ia  questionable under conditJons other then 
€3 
0 
clean, competent hole. 
e. Required Orientatioq: None. 
f. Required Knowledpe of Orientation: None. 
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j, 
k. 
1. 
Required Manipulation: Temperature measurement should 
immediately follow movement of sonde downward t o  new 
loca t  ion. 
Sample Preparation Requirements: None. 
Time per Opera thg  Cycle: 
with sampling as specified below. 
Number of Operatinpx Periods: Refer t o  ove ra l l  description 
of operation of downhole sonde. 
Operating Power: 
device and temperature sensors associated with radiometer. 
15 MA. a t  15 v o l t s  per detector - 225 mil l ivo l t s .  Two (2) 
temperature detectors  required per radiometer. 
Continuous sensor operation 
Power to operate thermistor sensing 
' 
Data Output: 
Thermocouple outputs - 0.3 to 0.8 m i l l i v o l t s  per 
degree K. 
is  no b ias .  
mill ivolts i s  required ( 5  outputs). 
range - 120 t o  400.K. 
Radiation pyrometer outputs - 20 m i l l i v o l t s  per 
degree K af ter  preamplification. 
2 - 8 v o l t s  DC. 
. .  
150 mi l l i vo l t s  is t o t e 1  range and there  
Recovery of data on e a r t h  to  0.3 
Measurement 
Dynamic ranges; 
Two (2) outputs required. 
. -  
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Real .Time Data Requirements: None. rn. 
n. 
NOTE: 
as 
Other Requirements: 
thermocouples reference Junctions. Absolute temperature 
of reference to be known to k0.5.K. 
to provide this reference within the S/C. 
Temperature reference to tie all 
S/C contractor 
In many instances where a thermocouple has been specified 
a means of monitoring an instrument temperature, a 
. 
thermistor may be enployed. 
employed in those situations where the'heating effect of  the 
measuring current required for a thermistor is itself 
Thermocouples need only be 
a 0  sufficient to disturb the temperature. 
- .  ' 
/ 
. .  
, 
..  . 
. .  
. .  
.. 
. .  
. .  
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THERMAL DIFFUSfVIm 
Subsurface 
Location: See general description of subsurface logging sonde. 
a. 
b. 
C .  
d. 
e. 
f. 
g. 
Description of Method: This device will be a snlall 
blackbody into which power is dissipated 0 at constant rate. 
The temperature.rise of this blackbody 3s a function of 
time is a complex function of the power input, borehole 
geometry, sonde materials, and the thermal diffusivity 
and thermal conductivity of the media adjacent to the 
borehole. 
to account for all variables except the diffusivity and 
conductivity of the medium. 
variables other than the thennal diffusivity and 
condilctivity, the temperature rise data can be interpreted 
to give valuesto these quantities. 
This instrument must be empirically calibrated 
Having eliminated all 
Dimensions of Sub-Assembly: 
than 2" long. 
Less than 7/8" diameter, less 
Geometry t o  be determined. 
Weikht: 4 02. 
Special Environmental Requirements: None. 
Required Orientation: None. 
_- 
Required Knowledge of Orientation: Nbne. 
Sample Preparation Requirements: None. 
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h. 
i. 
Time per Operating Cycle: 
120 minutes. 
Mininum operating.period - 
I 
I 
Operating Power: On the order of 1 watt. 
advisable in order to cover a range of possible thermal 
diffusivities of the surrounding media to have optional 
It may be 
power 1/2 to 1 to 2 watts available. 
is still under investigation. 
Use of this device 
j. Number of Operating Periods: Refer to overall operation 
procedure for the downhole sonde. 
k. Data Output: Temperature sensor outpur VS. time, and 
power input to the heat source. 
1. Real Time Dat3 Requirements: None. 
a 
m. Other Requirements: None. 
NOTE: In many instances where a thermocouple has been specified 
as a means of monitoring an instrument temperature, a 
thermistor may be employed. 
employed in those situations where the heating effect of the 
measuring current required for a thermistor is itself 
sufficient to disturb the temperature. 
Thermocouples need only be 
. . .. 
,. 
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MAGNETIC SUSCEPTIBILIm - 
Sub surf ace 
Location: Subsurface Logging Sonde. 
a. 
€9 . b. 
C .  
d. 
e. 
f .  
Descript€on of Method: 
been demonstrated experimentally i s  t o  measure the  change 
i n  mutual inductance of two co i l s  between the  conditions 
of a i r  (or vacuum) and within the  hole. 
bridge of t he  Carey-Foster type is the  reconinended method 
of measuring t h i s  change i n  the  mutual inductance. 
difference i n  the mutual inductance under the  two conditions 
is proportional to  the magnetic s u s c e p t i b i l i t y  of the  
lunar material through which the  hole penetrates.  
Dimensions of Sub-Assembly: 
The technique proposed, which h a s .  
A mutual inductance 
The 
Refer t o  descr ipt ion of 
subsurface logging sonde. / 
u h t  of Magnetic Suscept ib i l i ty  Measurinp Device: 
Refer t o  descr ipt ion of subsurface logging sonde. . 
Special Environmental Requirements: None. 
Required Orientation: 
decentral ized i n  the borehole. 
The logging aon'de must be 
Required Knowledpe of Orientation: When a measurement is 
taken the  borehole diameter must be known from data taken 
with the c a l i p e r ,  
1:794.27-31 
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Required Manipulation: 
logging sonde. 
See descr ipt ion of subsurface 
Sample Preparation Requirements: None. 
Time per Operatinp Cycle: 
de tec t ing  instruments to  function and record the  readings.. 
Time required for n u l l  . 
Number of Operating Periods per Lunar Dax: 
descr ipt ion of subsurface logging sonde. 
Operating Power: 
Refer t o  
1000 cycles/sec. 
compatible w i t h  data output. 
Power input  - current through t ransmit ter  c o i l s  w i l l  
be determined by the instrument used to detect the 
n u l l ,  Lee., power required from'the bridge output to  
detect  n u l l  w i l l  vary accordingly with the 
s e n s i t i v i t y  of n u l l  f inding mechanism. 
Distor t ion of AC to  bridge to  be less than 0.5%. 
Input impedance to  trmsmitter coi ls  and bridge: 
400 ohms. DC res i s tance  of t ransmit ter  coils: 40 Ohms. 
DC resis tance of receiver  coils: 
*257,, but known well enough t o  be 
4 
. 
# 
40 ohms. 
- 
Data Outpufy Measurement range 10 t o  50,000 x lom6 cgc 
units. 
Real Time Data Output: None, 
Required accuracy on e a r t h  *23X. 
I 
. .  
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n. Other Requirements: 
(a) Tcmperature of logging sonde must be known to 
within 22.C. 
A suitable position for mounting the opposing set o f  
*. 
(b) 
coils needed with the subsurface c o i l s  and a lso  the 
surface c o i l s  (alternate) must be furnished by the 
S/C manufacturer. 
on a leg or within the S/C provided there w i l l  be 
no change i n  their  mutual inductance due to moving 
This set of  c o i l s  can be located 
metafic objects or stray f ie lds .  
- -.._ - 
. 
.' 
. .  
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Location : Subsurf ace sonde. 
CALIPER 
Subsurface 
a. 
b. 
* C .  
d. 
e. 
f .  
g. 
h. 
i. 
j. 
Description of Method: Hole size is  t o  be measured by 
using the  decentral izer  spr ing posi t ion i n  the borehole t o  
change the  posi t ion of a s l i d e  w i r e  on a poteneometer. 
Dimension of Sub-Assembly: 
* *  
See general  descr ipt ion of sub- 
surface logging sonde. . .  
Weight of Device: See general  descr ipt ion of subsurface 
logging sonde. 
Special Environmental Requirements! None. 
Required Orientation: None. 
Required b o w l e d g e  of Orientation: 
of subsurface logging sonde. 
See general  descr ipt ion 
Required Manipulation: 
face logging sonde. . 
See general  descr ipt ion of subsur- 
Time per Operating Cycle: 
teometer resistance.  . 
Time required .to measure poten- .' 
- Sample Prepara t ion  Requirements: None. 
- Number of Operating Periods: 
subsurface logging sor~de. 
See general description of 
-1 :796.27 -34 
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%eratin& Power: -
(a) 
- -  
To be determined by type instrument used by S/C manu- 
.facturer to measure resistance. 
(b) Impedance approximately 1000 ohms. 
Data Output: A measure of resistance. 
Real Time Data Ou'tput: None, 
Other Requirements: None. 
1 
. *  
. . . 
. .  
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RESISTIVITY 
Subsurf ace 
- 
Location: See general description of subsurface logging sonde. 
a. Demrfptfon: Resistivity is to be measured by inserting 
c o i l  into the borehole and measuring the Q (figure of 
merit). 
the co i l  due to the permeability of the.surrounding media. 
Separation of the two is feasible and the magnetic sus- 
ceptibility as determined by the magnetic susceptibility 
experiment can be checked. 
There will also be a change in the inductance of 
b. - Dimensions of Apparatus:. See general description of sub- 
surface logging sonde. 
c. Weighr of Coil: 2 02. 
d. Special Environmental Requirements8 Hone. 
e.. Knowledge of Orientation: None. 
f. Required Knowledge of Orientation: .When a measurement is ' 
taken the borehole diameter must be known from data taken 
# 
.. 
from caliper, 
g. Required hnlpulation: See general description of subsur- 
face logging sonde. . 
h. ?ample Preparation Time: None. 
- 
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m. 
n. 
Time per2,crating Cycle: 
inductance oE coil. 
Time required to measure Q and . - - 
Number oE Operating Periods per Lunar Day: 
description of subsurface logging sonde. 
Refer to general 
Operating Power: 
decides what instrument will be used to measure Q and 
induc tance . 
To be determined when S/C manufacturer 
Data Output: Measurement range lo+' to ohm cm. 
Real Time Data Requirementst None. 
Other Requirements: 
within i2'C. 
Temperature of coil should be known to 
- - .  . -.. - - .  
DENSITY 
Subsurface 
Location: Subsurface logging sonde. 
. . a. 
b. 
C .  
d . .  
e. 
Description of Method: 
logging wherein a p a r t i a l l y  shielded rad ia t ion  source is 
placed a known dis tance from a p a r t i a l l y  shielded GM 
Uti l izes  the method of gamma-gamma 
counter. 
inversely r e l a t ed  to  the  densi ty  of the lunar material. 
The logarithm of the  detected gamma rad ia t ion  is 
. 
Dimensions of Sub-Assembly: 
surface logging sonde. 
Refer t o  descr ipt ion of sub- 
Weight of Density Device: Refer t o  descr ipt ion of subsur- . 
face logging sonde. 
Special Environmental Requirements: 
the subsysteiii is desigaed t o  survive the lunar environment 
Operating environment - 
as specif ied i n  TM 33-13 with the following addi t ional  
constraints :  
counter used i n  density measurement t o  be less than 500 gama 
. 
". . .radiation environment allowed a t  GM 
quanta/cm 2 /sec. and less than 15 electrons (energy > 1 MEV/ 
c m  2 /set.. .". 
, 
Required Orientation: Density device must be decentral ized . 
i n  the borehole such t h a t  the  source window and detector  
window are pressed against  the  borehole w a l l .  
is  located above the surface the  gamma source window must 
If t he  tool 
.1:794.27-38 
f .  
-39- 
be e i the r  shielded or directed 
f e r e  with the surface monitor 
ing device. 
euch t h a t  i t ' d o e s  not  i n t e r -  
r the surface density measur- 
Required Knowledge of Orientation: When a measurement is 
taken the borehole diameter must be known from data  taken 
with ca l iper .  
Required Manipulation: Refer t o  general  descr ipt ion of sub- 
surface logging sonde. . .  
h. 
i. 
k. 
Sample Preparation Requirements: None. 
Time per Operating Cycle: 3 minutes, 
Number of Operating Periods: Refer t o  descr ipt ion of sub- 
surface logging sonde. 
Operating Power: 
(a) 
(b) 
10 microamps dra in  ( log + monitor) 
800 v o l t s  DC of regulated power. Range - 800 f 
100 v o l t s  DC. 
Ripple  - tolerance depends on supply. 
Tolerance - 2% of operating voltage. 
A t  60 cycles, 
10 v o l t s  r i pp le  is acceptable. 
r i pp le  should be l e s s  than 0.1 vol t .  
In the  KC range 
1. Dcte Ovtput: 
(a) 2 v o l t  negative pulse ,  40 microseconds duration - 50 
t o  1000 cps. 
1 : 7 94 . 27-39 
8 
-48- 
(b) Load impedance: 
(c) Measuring range: 0.5 to 4 gm/cc. 
(d). 
500K ohm, range is 1005 to '  1 megohm. 
Temperature of geiger counters should be known, range 
klO°C. 
( e )  Source - Mercury 203, as big  as physically possible, 
probably .around 50 millicuries. 
. 
m. Real Time Data Requirements: None. 
n. Other Requirements: None. 
. . .  
- -  
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ACOUSTIC VELOCITY 
Subsurface 
Location: Explosive source on lunar surface. Acoustic detector in 
downhole sonde. 
0. 
a. 
b. 
C. 
d. 
Description of Method: 
between the lunar surface and the point of contact of the 
logging tool to the borehole wall is calculated from 
measured distances and acoustic travel times measured using 
a small explosive charge as the acoustic sensor in the 
downhole’unit. The distance from the acoustic sensor to - 
the acoustic source must be known. 
The integral compressional velocity 
Dimensions of Subsystem: 
Geophone 1/2 in. diameter by 1/2 in. length, to be mounted 
on spring and to be in intlmate contact with borehole wall. 
Overall diameter in collapsed condition 7/8 in.; this 
section to require 2 in. along length of sonde. (See 
general description of sonde.) 
Weipht: (Acoustic subsection of sonde) 2 02. total. (Geo- 
(Acoustic subsection of sonde) 
phone weight, . 3  0 2 . )  Acoustic source 12 02. Source weight 
may be reduced by combining it with surface velocity source. 
(See general description of sonde.) 
* .  
Special Environmental Requirements: High temperature 
limitations on acoustic sources (explosives) same as on 
1: 794.27-41 
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e. 
f. 
g. 
h. 
i. 
J .  
k. 
source for surface measurement. 
factorily after storage at 350.F for 2 hours, 300'F for 6 
hours, 250'F for 24 hours, or 185' for 6 weeks. Will re- 
quire special attention in thermal radiation requirements. 
Units will function satis- 
Required Orientation: See qeneral description of subsurface 
logging sonde. 
Required Knowledge of Orientation: 
of subsurface logglny; sonde. 
See general description 
Required Manipulation: 
face logging sonde. 
Sample Preparation Requirements: None. 
See general description of subsur- 
Nulliber of Operating Periods per Lunar'Cycle: 10. 
Time per Operating Cycle: 1 see. (starting at time of' 
detonation of acoustic source) 
Operating Power: 
(located on surface). 
source'during lunar night will require that a minimum of 
20 amperes of current be applied, and that this current be 
available for at least 10 milliseconds. Resistance of the 
Firing current for explosive source 
Assurance of detonation of explosive 
* 
explosive firing element (without attached wires) will be 
0.44 k0.25 ohm. A "time break" signal will be supplied by 
breaking a wire at time of detonation. Some slight cwrent 
1:794.27-42 
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(depending on c i r c u i t  used) w i l l  be required. 
required f o r  acoust ic  detector.  
No power is 
1. Data Output: T ime  of t r ave l  from source, located a t  sur- 
face,  t o  sonde dctector  the depth of which w i l l  be changed 
between shots.  One miniature geophone (1/2 in .  diameter 
by 1/2 in. length) w i l l  be used repeatedly f o r  the various 
shots.  The t i m e  break and geophone s igna l  wave-shape w i l l  
be required as i n  surface acoust ic  measurements, but without 
consideration f o r  the  second detector .  
be similar i n  a l l  respects t o  t h a t  f o r  the  surface measure-. 
ment, except t h a t  t rave l  times as short  as 70 microseconds 
Signal channel t o  
may need t o  be measuredr assuming a maximum veloc i ty  of 
20,000 f t / s ec .  source locat ion 1 f t .  from the  hole, and 
shallowest measurement a t  1 f t .  depth. Mzximum travel times 
would be i n  the  same order of magnitude as f o r  surface 
measurement. 
m. Real Time Data Requirements: Ncne. Data s torage is 
I 
acceptable i f  accurate time measurements are included. 
accuracy required f o r  acoust ic  measurement is k5 micro- 
seconds, o r  5% (whichever is l a rger ) ,  i n  the  uncertainty in 
time difference between t h e  explosive "time break" and the  
first a r r i v a l  acoustic s ignal .  
ment will range between 70 microseconds and approx5mately 
Time 
This time difference measure- 
1 
23 milliseconds. 
. -  - . .  
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n. Other Requirements: 
(a) 
(b) 
Acoustically decouple probe from s / c b  
All equipment acoustically quiet during Bcoustic 
velocity measurements. Noise with frequencies within 
the band pass of the acoustic velocity measurements 
. (50 cycles to 5 KC) must be avoided. 
, (c) Distance between acoustic source and acoustic receiver 
. 
, -  
A _- 
. must be known to within * 5 % b  
. .  
. .  
a 
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INSTRUMENTATION SUBSYSTEM FOR OPERATING BENEATH LUNAR SURFACE_ 
c-- 
1. General Function and Dimensions: Covers instrumentation sub- 
system for downhole use or to be slowly driven into lunar sur- 
face. 
and do not include hole making or driving mechanism. 
tails on individual measurements see attached description of 
sonde subsections. 
Weight estimates are for instrumentation system only 
For de- 
- NOTE: Overall dimensions of downhole logging sonde: Collapsible  
t o  1 in. diameter by 21 in. long (see figure). 
source and shield at surface for 6 shots consists of 
source holder, 4 in. diameter by 2-1/2 in. high. 
Acoustic . 
2. Environmental Requirements: 
a. Op erating Environment: The subsystem is designed to sur- 
vive the lunar environment as specified in TM 33-13 with 
the additional constraints as outlined in attached description 
of sonde subsections. 
b. Non-operating Environment: The subsystem is designed to 
survive the lunar environment as specified in TM 33-13. 
Surface explosive source limitations: 
descr-iption of downhole acoustic velocity measurements. 
See attached 
. 
3. Weight Breakdown: 
a. Density - 11 OZ.  
b. Acoustic velocity - 2 oz. (plus weight of acoustic source 
at surface, 12 oz. 
Magnetic susceptibility - 4 02. 0 c. 
d. Resistivity - 2 02. 
1:794.27-45 
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b. In  Unconsolidated Material: Approximate v e r t i c a l  alignment 
e. Tliennal - 10 02.  (includes thermocouples, radiat ion shields ,  I 
blackbody, and supporta. I 
f .  C a l i p e r  - 2 02, 
- NOTE: Sonde s t ruc ture  weight (excluding leads and supports from 
logging sonde 'to (S/C) - 12 02. 
4. Total Weight: . 
a. 42 oz. for downhole probe (excluding leads and supborts from ' 
logging too l  t o  s/c). 
Acoustic sources and shield - I& 02. I b. 
5. Required Orientation: 
a, I n  consolidated holet AppFximately v e r t i c a l  alignment of 
of smde and variable  depth of sonde slowly driven i n t o  
surface. 
6 .  Required Knowledge of Orientationt The dis tance between the 
acoust ic  source (located on surface approximately 1 f t .  from hole) 
and the  acoust ic  detector  i n  sonde, known t o  is%. 
required t o  be normal t o  loca l  surface within So,  then only sonde 
depth and dis tance from hole t o  source i s  required, each to 
within *1/2". 
l oca l  normal, then the azimuthal direct ion with respect to source 
locat ion within *loo, and the  angle between the ax i s  of the hole 
If hole is 
e 
. If hole axis  i s  t o  be grea te r  than 5" from the  
' 
0 
and the  loca l  normal t o  within S o a  need t o  be known. 
' 
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7. Operating Power: See attached description of sonde subsections. I 
I * 
f 
8; Time Per Operating Period: 
9.  
a. Density - 3 minutes. 
b. Acoustic'velocity - 1 second (starting at time of detonation 
of acoustic source) , 
c .  Magnetic permeability - time required by S/C'equipment to 
balance bridge and record resistance, 
d. Resistivity - time required by S/C equipment to measure Q 
* .  of.coil, ' 
e. 
f, 
Temperature - continuous sensor operation, 5 seconds. 
Diffusivity - Minimurp. operating period - 120 minutes,. 
Caliper - time required by S/C equipment to measure value g .  
of resistance. 
- * ;  I h. Radiation background - 3 minutes (surface monitor). 
Number of Operating Periods: 
hole in 6" steps. 
(Based on logging a 6-foot deep, 
a. Density - 130 
b, Acoustic velocity = 10 
c. Magnetic susceptibility - 130- ' 
d. Resistivity = 130 
I 
t 
0 e. Temperature: 162 w i t h  continuous sampling during day/night 
and night'/&y t r ans i t i ons  (3 hours centered around sunset 
and sunrise), . . .  
. f .  Zero readings - 2 I . *  
* 
10 . 
11 . 
0 
12 . 
13 . 
Q 
I 
g. Diffus iv i ty  - continuous recording of temperature o f .  
blackbody, 60 min. during heating, and 60 min. af ter  heating - 12. 
. .  
h. Caliper - 130, 
. Sample Preparation Requirements: None. I 
L 
I 
Manipulation Requirementst 
a. Alignment of logging sonde over borehole, r a i s ing  and 
lowering of logging sonde i n  and ou t  of borehole. 
. .  
b. Placement of acoust ic  source. 
C. Forcing of logging sonde in to  unconsolidated f o k t i o n .  
Data Output: 
subsections , 
As outl ined i n  a t tached descr ip t ion  of sonde 
subsection) . 
/ 
Real Time Data Requirements: None (see d e s c r i p t i o n o f  acoustic.  
. . 1:794.27-48 
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14. Commands required -- froma 8 
a. In consolidated hole: 
(a) 
(b) Lowering and raising of logging sonde vertically 
Poeit'lorlir~g logging sonde over hole. . .  
within hole. 
(c) . Triggering of each acoustic source. 
(d) Initiation of data sampling and storage. 
* 
b. In unconso1.idated formation: 
(a) Driving sonde into material. 
(b) &e as a. (c) and a. (d), above. 
15. Operational Sequence: 
a. In consolidated Borehole: 
(1) Placement of acoustic source. 
(2) Orient sonde over hole. . .  
(3) Position sonde in space above lunar surface and below 
S/C. 
surface (tip of sonde is even with surface). 
until electrical coils are 6" from magnetic materials 
and lunar surface. 
Recqrd vertical position with respect to lunar 
Move sonde 
(4) Record outputs from following sensors: 
(a) Thermocouples and/or thermistors and radiometer. . 
(b) Magnetic susceptibility. 
I (c) Electrical resistivity. 
0 m 
- 50 - i,'[-[!:zF? .- :/;I. 61- f j7  6 
b 
(d) Density. 
(e) Caliper, I 
Repeat 14.a.(4) u n t i l  10 complete readings have been 
taken. 
Lower sonde u n t i l  raiiometer sensors a r e '  approximately 
one inch below the surface and repeat  1Ska.(4)(a) for 
one reading. 
near surface P,S possible. 
Lower sonde three inches and repeat 16.am(4)(a), one time. 
Lower sonde three inches more and repeat  16.am(4)(a) one t h e .  
=is samples borehole temperature as 
(9) Lower 'sonde t o  t o t a l  depth 'of 12" and repeat  a.a,(4) 
(a,b,c,d,e) for 5 complete readings, 
Lower sonde to t o t a l  depth i n  6" (or 3") s t eps  .repeating 
.14.a0(9), (with due respect t o  15.8.(11)). 
. .  
(10) 
(11) . I n  the  course of 15,a.(10) when a c o u s t i c - p h s o r  i s  1 f t . ,  
2 f t . ,  3 ft . ,  etc.,belwo the surface (sonde will have 
reached a t o t a l  depth o t  approximately 30" when acous t i c  
source i s  1 f t .  below the surface),  f i r e - a c o u s t i c  source 
and record acoustic signal. 
(12), A t  bottom of hole repeat lS.a.(9) f o r  3 complete readings, 
f i r e  acoust ic  source and record acous t ic  signal.  
(13) Make d i f f u s i v i t y  measurement a t  bottom of hole. Record 
temperature of blackbody while heating 60 min, and 
coaling 60 min. While making d i f f u s i v i t y  measurements, . 
. sample sonde temperature every 30 minutes. - 
. 
.1:794.27-50 
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8 (14) Repeat l5.a.(13) a t  1 f t .  i n t e rva l s  from the bottom . 
of the hole t o  the top. 
(15)' Repeat 15.a. (3) through 15.a. (14) on& during lunar 
day and one during lunar night, 
Stop a l l  downhole measurements a t  day/night or 
night/day t r ans i t i on  minus 3 hours. 
6-hour t r a n s i t i o n  posi t ion tool a t  24" or  bottom of 
d r i l l e d  &le, which ever i s  l e a s t  and record 
(16) 
During t h i s  
temperature continually. Record depth a t  which 
temperature is made. 
. 16, Other Requirements: 
a. a b, 
C, 
. .  
. d, 
b 
e, 
f ,  
Q a 
Acoustically decouple sonde from S/C, 
Maximum force on slowly driven probe, 50 lbe. . 
All equipment . .?ust ical ly  quiet  during acous t ic  ve loc i ty  - 
measurement. 
of the  acoust ic  ve loc i ty  measurements (50 cycies  t o  5 KCO 
must be avoided, 
Mstance  between acoustic source and acous t ic  receiver 
must be known to within *S%. 
M a x i m u m  ve loc i ty  of movement of sonde down borehole a f t e r  
ca l ib ra t ion  above lunar surface t o  be less than 1" per see. 
Temperature reference t o  t i e  all thermocouple reference 
junctions.  
re *@,S*F, 
within the S/C. 
Noise with frequencies within the  bandpase 
. 
. 
Absolute temperature of reference t o  be known 
S/C c m t a r c t o t  is t o  provide this reference 
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